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ENERGY AND/OR MATERIAL TRANSPORT
INCLUDING PHASE CHANGE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit of and priority to U.S.
Provisional Application No. 61/523,262, filed Aug. 12, 2011,

entitled, “ENERGY AND/OR MATERIAL TRANSPORT
INCLUDING PHASE CHANGE,” which 1s incorporated
herein by reference 1n 1ts entirety.

BACKGROUND

This application relates to devices, techniques, and mate-
rials for forming, storing, reacting and transporting fuels and
other materials.

(Gaseous substances such as oxygen, nitrogen, carbon d1ox-
ide and fuels such as hydrogen and methane are more difficult
and costly to store and transport than denser liquids or solids.
For example, pressurizing hydrogen and/or methane can
require sizeable capital expenditures, large energy expendi-
tures for compression and/or to produce cryogenic liquids
and attendant production of greenhouse gases, and high oper-
ating costs. Further, the pressure boosting equipment for
transporting the pressurized hydrogen and/or methane
through pipelines often incur costly maintenance, and repair
COsts.

In addition to the compressed-gas fuel form, hydrogen can
be converted to cryogenic liquid or slush for storage. Liquid
hydrogen 1s generally stored at —-252° C. (-423° F.) at atmo-
spheric pressure and, often transported through under insu-
lated delivery lines, parts of which can be damaged due to
atmospheric water vapor condensation and freezing. Storage
and transport of cryogenic methane faces similar costs.

Moreover, the high cost of storage and transport for hydro-
gen and methane 1s met with low energy density. For example,
a gallon of cryogenic liquid methane at —162° C. (-280° F.)
provides an energy density of 89,000 BTU/gal, about 28%
less than a gallon of gasoline. Liquid hydrogen at -252° C.
provides only about 29,700 BTU/gal, about 76% less than
gasoline.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1D are a process flow diagram of exemplary
processes lor generating fuel at one location and selectively
respeciating the generated fuel or substance for storage and/
or transport to another location.

FI1G. 2 1s a process tlow diagram of an exemplary process
for respeciating liquid fuel or substance at a lower elevation to
gaseous fuel and delivering the gaseous substance to a higher
clevation.

FIG. 3 1s a process flow diagram of an exemplary process
for respeciating gaseous fuel or substance at the higher eleva-
tion to obtain liquid tuel or substance and delivering the liquid
fuel or substance to a lower elevation.

FI1G. 4 1s a block diagram of a system for generating renew-
able fuel from biomass waste, selectively respeciating the
generated fuel and delivering the selectively respeciated fuel
to a target location.

FIG. 5 shows a process flow diagram of a process for a
rapid conversion of carbon, hydrogen, and oxygen containing,
biomass wastes 1nto useful renewable sources of carbon and
hydrogen that can be used to produce carbon-based durable
goods and renewable fuel.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 6 shows an exemplary system for dissociating biom-
ass waste 1nto hydrogen and carbon carrying intermediaries.

FIG. 7 1s aprocess tlow diagram of a process for generating,
liquid fuel by remvesting, repurposing, or recycling carbon
dioxide harvested from waste generated by industrial pro-
cesses to react with hydrogen from biomass waste dissocia-
tion.

FIG. 8 1s ablock diagram showing an exemplary system for
repurposing or recycling CO,, harvested from 1ndustrial pro-
cesses as waste to create renewable fuel by reacting with
biomass produced hydrogen.

FIG. 9 15 a process flow diagram of a process for dissoci-
ating hydrocarbons and alcohols to obtain carbon and hydro-
gen.
FIG. 10 1s a block diagram of a system for respeciating
liquid fuel to generate gaseous fuel.

FIG. 11 1s block diagram of a system according to another
embodiment of the present technology.

FIG. 12 1s block diagram of a system according to another
embodiment of the present technology.

Like reference symbols and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

Overview

In one aspect, a method of transporting energy and/or
maternial can include providing or generating gaseous fuel
(e.g., hydrogen gas from reforming methane produced by
biomass dissociation) at a first location of a low elevation. The
gaseous fuel can be seli-transported in a pipeline to a second
location at a higher elevation than the first location. For
example, the gaseous fuel can travel from the first location to
the second location without adding energy and the pressure at
the higher elevation may be about the same pressure as the
low elevation depending upon the tflow rate and impedance of
the pipeline. A liquid fuel or substance can be generated at the
second location by reacting the gaseous fuel with at least one
of a carbon donor (e.g., CO,), a nitrogen donor (e.g., N, ), and
an oxygen donor (e.g., H,O). The carbon donor, nitrogen
donor and/or oxygen donor can be harvested from industrial
waste or the atmosphere. The liquid fuel or substance then can
be delivered to a third location of a lower elevation than the
second location while providing pressure or kinetic energy to
accomplish useful work.

Implementations can optionally include one or more of the
following features. Generating the gaseous fuel can include
applying waste heat recovered from an external energy source
or heat generated from a renewable energy source. The liquid
fuel or substance can include at east one of a fuel oxygenate
(e.g., methanol or ethanol), a liquid substance containing
carbon and/or hydrogen, and a nitrogenous compound (e.g.
ammonia). The method can include dissolving a hazardous
contaminant into the liquid fuel to 1solate the hazardous con-
taminant from an environment. The method can include
applying heat to the liquid fuel to generate a gaseous fuel. The
method can include transporting the gaseous fuel generated
by applying heat to the liqud fuel to a fourth location at a
higher elevation than the third location, for example, without
adding energy or pressure.

In another aspect, a system for transporting fuel (e.g.,
renewable fuel) can include, a source (e.g., a biomass conver-
sion plant) at a first location of a low elevation to provide or
generate gaseous fuel (e.g., from biomass dissociation).
Methane (e.g., from the biomass dissociation) can be disso-
ciated or reformed to release hydrogen gas. A first pipeline
can connect the source and deliver such hydrogen to a second
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location of higher elevation than the first location. The system
can be configured and operated such that the gaseous fuel can
continuously or intermittently be added at the first location,
{111 the space provided within the pipeline, and thus travel
from the first location to the second location, for example,
without added energy or pressure. The system also can
include a reactor at the second location configured and oper-
ated to generate a liquid fuel or substance such as a fuel
alcohol or an alkane (e.g. parailinic ethane, propane, butane,
etc.) or a nitrogenous substance (e.g. ammonia) or various
other compounds that are dissolved or held in solution by
selected solvents (e.g. urea CH,N,O, guanidine CH.N,, etc.).
The reactor can be configured, for example, to react the gas-
cous fuel with at least one of a carbon donor, a nitrogen donor,
and an oxygen donor. A second pipeline can connect the
reactor to a third location of a lower elevation than the second
location. The system can be configured such that energy from
flow of the liquid fuel generated at the second location 1s
collected to perform useful work at the third location or
between the second location and the third location.

In another aspect, transporting fluid substances through
pipelines across terrain thatis relatively flat also benefits from
controlled phase changes including process reactions. Illus-
tratively each of the eight sites 1n the embodiments shown
herein could be at the same or lower elevations and the forces
needed to provide for the same deliveries and operations can
be achieved by generating sulficient gas pressure that can be
applied to the liquid phases to provide the deliveries 1ndi-
cated. Illustratively a portion of the chlorine at gas pressure
provided by electrolysis of fused or dissolved halite can be
suificient to deliver liquid hydrogen chloride or hydrochloric
acid. A traveling separator or “pi1g” that seals the pressurized
gas from the liquid improves the efficiency and prevents for
example, intermingling of chlorine with hydrogen chloride.
Upondelivery of the hydrogen chloride and the separating pig,
to a predetermined site, the expanded chlorine can then be
reacted with hydrogen to produce, additional hydrogen chlo-
ride that can be included in the inventory of hydrogen chloride
that 1s delivered to the predetermined site.

Implementations can optionally include one or more of the
tollowing features. The reactor can include a heat exchanger
(e.g., a countercurrent heat exchanger) to apply waste heat
recovered from an external energy source or heat generated
from a renewable energy source. The system can include a
contaminant recovery system operably connected to the reac-
tor. The contaminant recovery system can be configured to
harvest a hazardous contaminant and mix the harvested haz-
ardous contaminant 1into the liquid fuel to 1solate the hazard-
ous contaminant from an environment. The system can
include a second reactor at the third location configured to
dissociate the liquid fuel or substance (e.g., using an anaero-
bic reformation or dissociation reaction) to generate a gas-
cous fuel or substance. The system can include a second heat
exchanger (e.g., a countercurrent heat exchanger) operably
connected to the second reactor to apply heat to the liquid tuel
to generate the gaseous fuel. The system can include a third
pipeline connecting the second reactor to a fourth location of
a higher elevation than the third location The third pipeline
can be configured such that the gaseous fuel moves to the
fourth location without adding energy or pressure.

The subject matter described 1n this specification poten-
tially can provide one or more of the following advantages.
For example, the described techniques and systems can be
used to avoid the high costs of compressing or cryogenically
freezing fuels, such as hydrogen and methane fuels. In addi-
tion, the costs associated with maintaining a pipeline for
transporting liquefied hydrogen fuel can be avoided. The
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described techniques can be used to selectively respeciate a
tuel for efficient storage and transport.
Energy and/or Material Transport System

(Gaseous or vaporous substances fill a pipeline at a lower
clevation and can thus provide delivery from a lower elevation
to a higher elevation. And such gaseous or vaporous sub-
stances can perform work at the higher elevation by expand-
ing from the delivery pressure of the pipeline to a lower
application pressure at the higher elevation. Liquids or solu-
tions of solids 1n liquids may be formed from such substances
travel 1n a pipeline from the higher elevation to a lower eleva-
tion. And thus such liquids can produce pressure and/or
kinetic energy to do work at the lower elevation. Throughout
this disclosure, the singular terms “a,” “an,” and “the” include
plural referents unless the context clearly indicates otherwise.
Similarly, the word “or” 1s intended to include “and™ unless
the context clearly indicates otherwise.

The difficulty 11 not economic barrier to economical trans-
portation and storage of hydrogen and other fluids 1s high due
to the low density of hydrogen and other fluids to be densified
as liquids or expanded as gases including such phase changes
that may result from entering into various valuable com-
pounds, dissociations, or respeciations. Several embodiments
of the described techniques and systems take advantage of
this fluid characteristic of gaseous property. As described
herein, gaseous fuel (e.g., hydrogen and gaseous mixtures
including hydrogen) can be provided or generated (e.g., from
biomass waste at the source of the biomass waste) at a low
clevation location and transported (e.g. self-delivered) to a
higher elevation second location. Gaseous fuel can be any
fuel or mixture including fuel that 1s a gas at standard tem-
perature and pressure. Hydrogen 1s ordinarily a gaseous sub-
stance or fuel and can be reacted and/or respeciated to a solid
or liquid tuel (e.g., urea, alcohol or ammonia) which can be
delivered to a lower elevation third location as a part of an
energy or substance delivery or divergence process. Such
solutions, mixtures and liquids can be any substance or fuel or
mixture including fuel that 1s a liquid at selected or induced
transport temperature and pressure. The delivery to the lower
clevation can provide pressure and/or Kinetic energy and/or
perform work at the lower elevation or between the higher
clevation and the lower elevation.

FIG. 1A 1s aprocess flow diagram of an exemplary process
100 for generating a substance such as a fuel at one location
and selectively respeciating the generated substance for stor-
age and/or transport to another location. A system (e.g., sys-
tem 400 shown 1n FIG. 4) can generate gaseous fuel (e.g.,
hydrogen or a gaseous compound or mixture including
hydrogen) from biomass digestion, dissociation or another
process at a first location of a low elevation (110). Self
expanding and transporting substances and/or fuels and/or
gases and/or vapors may be transported at selected or induced
transport temperatures and pressures. Exemplary processes
to generate hydrogen are described in U.S. application Ser.
No. 13/027,068, filed on Feb. 14, 2011 and incorporated
herein by reference in 1ts entirety. Biomass digestion and/or
dissociation to generate hydrogen 1s further described with
respect to FIGS. § and 6. In place of gaseous fuels derived
from biomass, embodiments of the present technology can be
used with other gaseous materials, such as gaseous materials
generated by alternative processes. For example, hydrogen
gas from steam reforming natural gas derived from sources
other than biomass (e.g., from geological deposits) or from
clectrolysis of a substance such as butyric and/or acetic acid
and/or water can be used in place of the gaseous fuels dertved
from biomass described herein.
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The gaseous substance can be seli-transported from the
low elevation location to a second location of a higher eleva-
tion (120). For example, the gaseous substance or fuel fills the
space available and can freely rise to the higher elevation
second location without any added energy or pressure. At the
higher elevation second location, the freely transported gas-
cous substance can do work by conversion of kinetic and/or
pressure energy and can be converted to a liquid substance or
tuel. In certain embodiments, some portion of such trans-
ported substance or fuel may be heated by sources and/or
methods such as combustion and/or an application of heat
from a renewable resource such as solar, wind, moving water
or geothermal energy. The liqumid substance can be, for
example an alcohol or ammonia (130). For example, at the
second location of higher elevation, the gaseous fuel can be
reacted with a reagent such as a carbon donor (e.g. CO or
CO,), a mitrogen donor (e.g., N, ) and an oxygen donor (e.g.,
air or H,O) or a reagent harvested from industrial waste.

The generated substance or liquid fuel can be transported
to a thard location of a lower elevation (140) by a pipeline or
another conveyance that “runs” downhill. Energy from head
and/or flow of the liquid substance can be used to perform
usetul work at the third location or between the second loca-
tion and the third location. For example, the liquid substance
(e.g., methanol, ethanol, propanol, butanol, and/or various
other compounds such as ammonia or urea) can have a head
in a pipeline on delivery to the third location and/or turn a
turbine as 1t descends to the third location. The substance
and/or fuel delivery can do work and continue by respeciating
the high density substance at the third location of low eleva-
tion to a gaseous substance and self-transporting the gaseous
fuel constituents such as carbon monoxide, carbon dioxide,
nitrogen, and hydrogen to a fourth location of a higher eleva-
tion.

FIG. 16 shows an exemplary embodiment that provides a
system at a factory about 50 m (164') above sea level sea level
including a first pressure electrolyzer that utilizes a combina-
tion of converted wind, solar and wave energy to electrolyze
and dissociate a halogen salt such as sea-salt halite or NaCl
into sodium and chlorine (1.e. NaCl—=Na+Cl). At this first
coastal site the elevated pressure of the electrolyzer1s 200 Bar
and the chlorine gas fills a pipeline from the first low elevation
clectolyzer site to pressurize a pipeline that delivers to a
factory that 1s at an elevation of 1600 m (5250') above sea
level and 75 miles inland. The first low elevation electrolyzer
site continues to add chlorine at the rate that it 1s taken from
the higher elevation second site location. The pipeline oper-
ates as a significant energy and chlorine storage and delivery
system. Recovery of much of the work by the first electrolyzer
1s accomplished by depressurizing chlorine through a turbo-
generator and as 1t enters a reactor at the second higher eleva-
tion site that produces hydrogen chloride (H,+2Cl—2HCI)
using hydrogen produced by solar heated dissociation of for-
est slash to produce carbon and hydrogen. Hydrogen chloride
or a suitable acid that 1s formed with water at the second
clevated site 1s delivered through another pipeline to a third
lower elevation site at 400 m (1312") about 200 miles further
inland where the hydrogen chloride or hydrochloric acid 11g-
uid does work by conversion of kinetic energy and/or the
pressure energy representing the altitude difference from the
second higher elevation at 1600 m to the third elevation at 400
m. At the third elevation site a second electrolyzer produces
pressurized hydrogen and chlorine at a suitable pressure such
as 200 Bar. A 200 Bar pipeline delivers hydrogen and another
200 Bar pipeline delivers chlorine from the third elevation site
to a fourth site at a 1800 m (5903') elevation about 50 miles
turther inland. The fourth elevation site receives work by
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depressurizing hydrogen and chlorine through turbo-genera-
tors and these reactants are entered 1into separate reactors. One
reactor produces calcium chloride for use 1n a local vegetable

cannery and the other produces wet methanol (3H,+
CO,—CH,OH+H,0O) a liquid that 1s delivered to a fifth site at

900 m (3000") about 300 miles further inland where 1t 1s
converted to a higher energy density fuel by additions of
colloidal and/or soluble carbon donor from wastes such as
tainted food and medications. Heat (A) such as solar or geo-
thermal heat drives the reaction (ACH,OH+H,O+C—3H,+
2CO) to convert the liquid solution to self-pressurized gas-
cous carbon monoxide and hydrogen. Another pipeline from
the fifth site to a higher elevation sixth site at 1500 m (4920")
about 100 miles further inland gains work by a turbo-genera-
tor that depressurizes the mixture of hydrogen and carbon
monoxide that 1s subsequently utilized to remove nickel from
spent catalyst substrates and other scrap to form gaseous
N1{CO),. This nickel carbonyl 1s and transported as a warm
mixture with hydrogen 1n an insulated and/or heat generating
subsystem and pipeline for delivery to a seventh site at 1830
m (6000") about 50 miles further inland, where the nickel
carbonyl and hydrogen 1s expanded to do work and upon
cooling the nickel carbonyl forms a liquid that separates from
the hydrogen. The hydrogen 1s reacted with a carbon donor
such as forest slash, farm or municipal solid wastes to produce
condensable products such as ethane or ethylene and/or pro-
pane or propylene and such condensed liquids are delivered
by one or more pipelines to station eight at a 1000 m (3280")
altitude where work 1s accomplished by pressure and/or
kinetic energy conversion. The separated liquid carbonyl 1s
delivered by a pipeline to a lower elevation site for producing
nickel products at 800 m (2800") about 100 miles further
inland where work 1s done by the pressure and/or kinetic
energy that the drop 1n altitude provides. Dissociation of the
nickel carbonyl (N1(CO),+AN1+4CO) provides nickel along
with carbon monoxide for reacting with locally produced
hydrogen from a source such as dissociation of methane from
an anaerobic digester. Liquid methanol (CO+2H,—CH,OH)
thus produced can be delivered by a pipeline to another lower
location or used locally to, fuel engines.

FIG. 1C shows the cross section of a pipeline embodiment
150 for safely transporting a hazardous fluids such as metal
carbonyls. Iron and nickel carbonyls, which are poisonous
substances can be transported as a liquid at one temperature
and upon heating become gaseous. Illustratively nickel car-
bonyl (N1(CO),) 1s liquid below about 42.2° C. (108° F.) and
1s gaseous at higher temperatures, having a critical tempera-
ture of 193° C. (380° F.). Passageway 152 provides smooth
flow for gaseous nickel carbonyl, which 1s maintained at
temperatures above 43.3° C. (110° F.) by maintenance of its
starting temperature with one or more internal heaters 166
and/or layers of 1msulation 154 including a controlled pres-
sure of an isulating gas such as argon or sulfur hexatluoride
that 1s contained in the annular space between outer pipe 158
and 1nner pipe 148 at a pressure exceeding the pressure within
channel 152. Probes 162 and 164 continuously monitor the
chemical, thermal, and physical conditions of the insulating
gas and the nickel carbonyl tlowing through conduit 152 and
microprocessor 160 provides temperature control and trend
analysis of chemical i1dentifications and physical conditions
in conduit 152 and gaseous insulating space 156. Conduit 149
1s maintained 1solated from potential corrosion and safe from
tensile forces by compressive forces exerted by pressurized
insulating and 1solating gas contained in space 156. As shown
in FIG. 1D, mformation from 160 is provided to system
controller 166 by wire, wireless radio frequency, optical, or
other methods to enable the contents of passageway to be
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quickly delivered, to a burner 170 for fail-safe combustion
(N1(CO),+20,—=N1+4CO,+A) 1f an incipient containment
tailure of conduit 149 1s indicated. Upon such fail-saie occa-
s10ons the contents of conduit 149 are emptied into conduit 180
through louvers 188 (shown in FIG. 10) in one or more
strategically placed burners 170 and conduit 149 1s purged
with hot air from an air heater application of burner 170 while
maintaining an oxidizing combustion 1n other emergency
burners 170 with a fuel such as hydrogen which 1s maintained
at pressure 1n line 178 (shown 1n FI1G. 10).

FIG. 10 shows 1n operation air delivery by fan 182 and/or
the draft produced by pressurized delivery by combined fuel
injection of hydrogen and plasma ignition that may be sepa-
rately provided or combined by a device that integrates fuel
delivery and 1gnition functions. Hydrogen provided through
solenoid valve 176 for continuous combustion 186 provides
assured combustion of nickel carbonyl 1n surplus air that 1s
drawn 1nto the combustion zone 186 and/or forced by fan 182
through louvers 184. This assures that the gases exiting emer-
gency burner 170 are surplus hot air along with water vapor
and carbon dioxide until all traces of nickel carbonyl are
purged from conduit 149.

Transporting tluid substances through pipelines across ter-
rain that 1s relatively flat also benefits from controlled phase
changes including process reactions illustratively each of the
eight sites 1n the embodiments of FIG. 1B could be at the same
or lower altitudes and the forces needed to provide for the
same deliveries and operations can be achieved by generating
suificient gas pressure that can be applied to the liquid phases
to provide the deliveries indicated. Illustratively a portion of
the chlorine at gas pressure provided by electrolysis of fused
or dissolved halite can be sufficient to deliver liquid hydrogen
chloride or hydrochloric acid. A traveling separator or “pi1g”
that seals the pressurized gas from the liquid improves the
elficiency and prevents for example, intermingling of chlo-
rine with hydrogen chloride. Upon delivery of the hydrogen
chloride and the separating pig to site 3 the expanded chlorine
can be reacted with hydrogen to produce additional hydrogen
chlonide that can be included in the inventory of hydrogen
chloride delivered to site 3.

FIG. 2 1s a process flow diagram of an exemplary process
200 for transferring a selected liquid mixture or substance
from a higher elevation to a lower elevation, respeciating
liquid fuel or mixture or substance at a lower elevation to one
or more gaseous fuels or constituents and delivering the gas-
cous Tuels or constituents to a higher elevation. A system (e.g.,
system 430 shown 1n FIG. 4) can recerve the liquid fuel from
the higher elevation location (210). The system can respeciate
the liquad fuel or substance to obtain gaseous fuel or constitu-
ents (220). The gaseous substances, fuels and/or other con-
stituents can be seli-transported to a higher elevation location
(230). The self-transported gaseous fuel can be respeciated
and delivered as a gas, vapor, liquid or mixture to a lower
clevation location again, as shown 1n the process 300 of FIG.
3 below.

To continue transporting the fuel, the gaseous tuel recerved
at the higher elevation location can be respeciated and deliv-
ered to a lower elevation location. FIG. 3 1s a process flow
diagram of an exemplary process 300 for respeciating gas-
cous or vaporous substances at the high elevation location to
obtain a liquid fuel and delivering the liqud fuel to a lower
clevation location. A system (e.g., system 440 shown 1n FIG.
4) recerves the gaseous tuel from the lower elevation location
(310). The system respeciates the recerved gaseous fuel to
obtain liquid fuel (320). The liquid fuel then can be trans-

ported to a lower elevation location (330).
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The selective respeciation and delivery of the fuel as shown
and described 1n processes 200 and 300 are alternately per-
formed until the fuel and/or selected constituents are deliv-
ered to any number of desired locations as may be induced
and controlled by the temperature and/or pressure conditions
that are selected and maintained 1n each stage of the overall
process. Described below are processes and systems for
respeciating and delivering various constituents and/or spe-
cies of the fuel.

FIG. 4 1s a block diagram of a system 400 for generating,
renewable fuel from biomass such as found 1n permatrost,
methane hydrate forming sediments, sewage, garbage, forest
slash and/or farm waste 402, selectively respeciating the gen-
erated fuel, and delivering the selectively respeciated tuel
constituents to a target locations. The system 400 1ncludes a
biomass digestion and/or dissociation plant 410 at the source
of the biomass waste 402, such as a burnt down forest. The
biomass waste dissociation plant performs biomass dissocia-
tion to generate various species of fuel including hydrogen
412, as described 1n U.S. patent application Ser. No. 13/027,
068, filed Feb. 14, 2011 (attached hereto as Appendix 1).
Biomass dissociation to generate various chemical species 1s
turther described with respect to FIGS. 5 and 6 below.

The gaseous fuel (e.g., gaseous hydrogen) 412 1s seli-
transported to a low-to-high density fuel respeciation system
420 at a higher elevation location. Examples of reactions for
respeciating the gaseous fuel to obtain liquid fuel 422 are
described further below.

The liqud fuel (e.g., an alcohol, or ammomnia) 422 1s del1v-
ered to a high-to-low density fuel respeciation system 430 at
a lower elevation location. Examples of reactions for respe-
ciating the liquid fuel to obtain gaseous fuel are described
further below.

The system can 1include additional numbers of low-to-high
density fuel respeciation systems and high-to-low density
fuel respeciation systems as needed to deliver selected por-
tions of the fuel to one or more desired target location. For
example, the system 400 1n FIG. 4 1s shown 1n include a
second low-to-high density fuel respeciation system 440 and
a second high-to-low density fuel respeciation system 450 for
illustrative purposes only.

In the example shown in FIG. 4, the high-to-low density
fuel respeciation system 430 respeciates the liquid fuel to
obtain gaseous fuel 432, which 1s self-transported to the sec-
ond low-to-high density fuel respeciation system 440 at the
higher elevation. The second low-to-high density fuel respe-
ciation system 440 respeciates the gaseous fuel to obtain
liquid fuel 442, which 1s delivered to the second high-to-low
density fuel respeciation system 4350. Additional energy con-
version steps may include optional production of work by
harnessing kinetic, pressure and/or chemical energy poten-
tials a selected sites as shown 1 FIGS. 1A-1D and 3.

The system 400 can be implemented to transport fuel
across both natural and manmade environments. For
example, the high and low elevations can be high and low
clevations of natural topography (e.g., peaks and valleys).
Alternatively, the high and low elevations can be venous
levels of manmade structures. For example, hydrogen can be
produced at the base of a building and delivered to the top of
the building. Energy conversion can be performed at the top
of the building to respeciate the hydrogen to generate a denser
substance such as a hydrogenous compound or water and
deliver the generated water to the bottom of the building.
Also, atthe top o the building, the hydrogen can be converted
into an alcohol or ammonia which can be delivered to a
bottom of another building as an energy conversion step. The
respeciation and transport processes can continue from one
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budding to another or from a valley to a peak and from the
peak to another valley until the fuel 1s delivered to a target
location.

The overall energy for the incidental constituent availabil-
ity and environmental conditions along with manufacturing
and transportation processes can be favorable due to the seli-
transportable nature of the gaseous fuel and the seli-gener-
ated pressure and/or kinetic energy of the liquid fuel. Also, the
carbon, nitrogen, oxygen, and/or hydrogen donors used in the
respeciation processes can be harvested and recycled from
industrial processes (e.g., CO, from fossil fuel exhausts).
Biomass Waste Dissociation

FIG. S shows a process flow diagram of a process 500 for a
rapid conversion of carbon, hydrogen, and oxygen containing,
biomass wastes 1nto useful renewable sources of carbon and
hydrogen that can be used to produce carbon-based durable
goods and renewable fuel. The process 300 1s analogous to the
process 110 1n FIG. 1 above.

A system (e.g., a biomass dissociation system 600 below)
can subdivide the biomass waste mto feedstock maternials
such as various cellulosic materials and lignocellulosic tis-
sues (510). The subdivided feedstock materials can be com-
pacted to remove air and moisture (520). The compacted
biomass waste feedstock can be heated to release various
usetul renewable sources of carbon and/or hydrogen, such as
hydrocarbons, alcohols, ammonium, and oxides of carbon
(530). Also, the moisture content of the overall reaction envi-
ronment can be controlled based on the desired renewable
source of carbon and/or hydrogen (540). To control the mois-
ture content, the compacted biomass waste feedstock that has
been completely dried and de-aired can be used as a desic-
cant, for example. The renewable sources of hydrogen and
carbon can be used to generate renewable fuel and/or carbon-
based durable goods (550).

For example, as shown 1n Equation 1, biomass wastes can
be heated sufficiently in an anaerobic environment to release
desirable gases, carbon, and solid residues, such as mineral
oxides and other compounds. The anaerobic process for pro-
ducing oxides of carbon, hydrogen, and/or hydrocarbons
from biomass wastes summarized in Equation 1 1s not bal-
anced for any particular type, amount, or ratio of lignin,
cellulose, or other biomass feedstock.

C,H,0,+HEAT—CH,+H,+CO,+CO Equation 1

Using the process described 1n Equation 1, virtually any
organic material can be converted 1n large part to hydrocarbon
tuel, such as methane (CH,,) for distribution and storage in the
existing natural gas infrastructure. Equation 2 below 1llus-
trates a general summary of the overall reactions for produc-
tion of methane from typical biomass wastes such as glucose,
lignin, and cellulosic feedstocks.

CH,,0s+HEAT—3CH,+3CO, Equation 2

In some 1implementations, the biomass dissociation reac-
tion can produce alcohols, such as methanol as a readily
storable and transportable liquid fuel and chemical precursor.
Methanol or “wood alcohol” can be extracted by heating
lignocellulosic wastes through partial combustion or by
anaerobic heating processes. Equations 3 and 4 summarize
the output of methanol that can be achieved by selection of
different anaerobic operating temperatures, pressures and
catalysts.

CH,,0+HEAT—6CO+6H, Equation 3

6CO+6H,—3CH,OH+3CO Equation 4
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At higher feed rates and/or lower heat release rates, 1n a
reactor, the charge dells not reach the higher temperatures that
produce the gases shown 1n Equation 1, and the dissociation
process produces alcohol, such as methanol. Carbon monox-
ide can be separated from methanol by cooling the methanol
vapors to form liquid methanol. The separated carbon mon-
oxide can be used to fuel an engine, to release heat through
combustion by a burner assembly, and/or to form hydrogen by
a reaction with water as summarized in Equation 5. Hydrogen
produced by the reaction summarized 1n Equation 5 can be
used to produce methanol as shown 1n Equation 4, to improve
operation of an engine, to 1improve the yield of methane

and/or ethane in the biomass conversion, and/or as a heating
fuel.

CO+H,O0—H-,+CO, Equation 5

FIG. 6 shows an exemplary system 600 for dissociating
biomass waste 602. The system 600 1s analogous to the sys-
tem 410 1n FIG. 4. The system 600 includes a biomass waste
intake component, such as a hopper 610 that receives the
biomass waste 1n raw form and breaks down (e.g., chips,
chops, grinds, etc.) the raw material into subdivided feed-
stock 614, such as various cellulosic and lignocellulosic
materials. The hopper 610 can include a heating mechanism,
such as a heat exchanger 612 to pre-heat the subdivided
feedstock. The heat exchanger can recapture and recycle
waste heat from an external heat source (e.g., engine exhaust
and/or renewable heat, such as wind, solar, etc.) or from the
reactor 620.

The subdivided (and 1n some implementations, pre-heated)
feedstock 1s forwarded to a reactor 620 to dissociate the
biomass waste feedstock 1nto useful renewable sources of
carbon and hydrogen, such as various hydrocarbons, alco-
hols, ammonia, and oxides of carbon. The reactor 620 can
include a drying mechanism 622 to expel moisture and air
from the feedstock. The drying mechanism 622 can include
an extruding device to physically “squeeze out” the moisture
and air from the feedstock. Examples of the extruding device
include a helical screw conveyer and a ram piston conveyer.
Also, the drying mechanism 622 can include one or more
heating mechanisms, such as heat exchangers that capture
heat generated by the reactor 620 and recycle the captured
heat to dry the feedstock. The heat exchangers can also recap-
ture and recycle waste heat from an external heat source (e.g.,
engine exhaust and/or renewable heat, such as wind, solar,
etc.).

The reactor 620 can also include a heating mechanmism 624
for generating adequate heat used 1n an anaerobic reaction to
dissociate the biomass waste feedstock into the usetul renew-
able sources of carbon and hydrogen 616, such as hydrocar-
bons, alcohols, ammonia, and oxides of carbon. The gener-
ated useful renewable sources of carbon and hydrogen 616
can be forwarded to a storage and/or transport mechanism
630 to be used i additional reactions to generate renewable
tuel and/or carbon-based durable goods 1n respective reaction
systems 640 and 650 for either carbon-based durable good
production or renewable fuel production. Moreover, the stor-
age and/or transport mechamsm 630 allows for efficient
transport of the usetul renewable sources of carbon and
hydrogen 616 to remote locations for further processing.

The reactor 620 can be configured to increase the thermal
eificiency of the biomass waste conversion process while
reducing or eliminating carbon dioxide formation. For
example, the reactor 620 can include mechanisms to perform
countercurrent drying (e.g., recycling heat) and elimination
of air, moisture, and other oxygen donors prior to extraction
of carbon, hydrocarbons (e.g., methane), and/or hydrogen.
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Respeciation of Gaseous Fuel to Generate Liquid Fuel

The gaseous fuel can be respeciated to generate liquid fuel,
such as alcohols and ammonia as described 1n U.S. applica-
tion Ser. No. 13/027,196, filed on Feb. 14, 2011 and incorpo-
rated herein by reference 1n 1ts entirety. For example, FIG. 7
1s a process flow diagram of a process 700 for generating
liguid tuel by reinvesting, repurposing, or recycling carbon
dioxide harvested from waste generated by industrial pro-
cesses to react with gaseous fuel from biomass waste disso-
ciation. A system (e.g., system 800 below) harvests a carbon
donor from industrial processes (720). The carbon donor,
such as carbon dioxide or carbon monoxide used in the ther-
mochemical regeneration described herein can be harvested
from readily available sources ot CO,, such as from central
power plants, coking, and calcining operations that burn
hydrocarbons, breweries, and bakeries. The system can
obtain hydrogen from biomass waste dissociation (710). The
harvested CO, can be used to produce liquid feedstocks for
production of chemicals by reacting with the biomass waste
produced hydrogen (730). For example, the methanol fuel
produced 1n the described thermochemical regeneration of
CO, with hydrogen can be used to power gasoline and diesel
engines adapted to burn such methanol and reduce or elimi-
nate net pollution.

Equations 6 and 7 below 1llustrate hydrogen and carbon
repurposing or recycling via methanol production 1n which
hydrogen (e.g., hydrogen from biomass dissociation) 1s
reacted with carbon monoxide (CO) and CO, (e.g., from
industnal processes), respectively.

CO+2H,—=CH,;OH(AH=-21.66 Kcal/g-mol) Equation 6

CO->+3H,—=CH;OH+H,O(AH=-11.83 kcal/g-mol) Equation 7

The described thermochemical regeneration reactions that
recycle, or repurpose hydrogen, CO, and CO, provide a
bridge technology for increasing the financial return on past
investments 1 equipment. For example, existing transporta-
tion engines and storage tanks can be used to perform ther-
mochemical regeneration reactions to produce fuels that pro-
mote longer engine life and greater fuel efficiency along with
greatly reduced emissions of carbon dioxide, oxides of nitro-
gen, and particulates.

The methanol synthesis process summarized in Equations
6 and 7 can be implemented by various steps including 1on-
induced or catalytic synthesis at 95 to 100 atmospheres pres-
sure and S00° F. (260° C.) (740). Catalysts for the processes
of Equations 6 and 7 can include copper-zinc-oxide and
deposited sinter mixtures of copper and copper-zinc oxide at
various process synthesis conditions including about 260° C.
(500° F.) and 1500 ps1 to produce methanol or methanol and
water as shown. Alternatively, dimethyl ether (DME) ethyl-
ene, diethyl either (DEE), or propylene can be produced
depending on the pressure, temperature, and catalysts chosen.

Methanol produced by the thermochemical regeneration
reactions as described above (see Equations 6 and 7) can be
inexpensive, storable, and transportable, in one implementa-
tion of the present technology, methanol 1s synthesized from
sources that ordinarily source emissions of CO,. Such CO,
can be captured from ethanol plants, bakeries, breweries,
Portland cement plants, and fossil burning power plants and/
or by atmospheric “scrubbing” to extract up to about three
molecules of carbon dioxide from ten thousand molecules of
air.

Similar to ethanol, methanol can be blended with gasoline
up to 20% 1n conventional engines and 85% 1n flex fuel
vehicles with no modifications to the vehicle or existing trans-
portation fuel infrastructure. For years, methanol with an
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octane rating of 100 has been used as a racing fuel for high-
performance cars and dragsters.

Primary use of alcohols, such as methanol, as energy car-
riers 1s economically and energetically favorable. For
example, one liter of methanol at ambient temperature con-
tains more hydrogen than one liter of liquid hydrogen that
must be maintained in storage at —-252° C.

FIG. 8 15 a block diagram showing an exemplary system
800 for repurposing or recycling CO, harvested from 1ndus-
trial processes as waste to create renewable fuel by reacting
with a hydrogen donor such as biomass produced hydrogen.
The system 800 receives the gaseous fuel 412, 432 from the
biomass digestion or dissociation system 410 or the high-to-
low density fuel respeciation system 430, 450. The heat used
to enable digestion and/or more directly dissociate the biom-
ass waste can include waste heat from engine exhausts,
engine cooling systems, etc. that otherwise would be released
to the environment. Also, one or more renewable energy
sources, such as wind, solar, etc., can be used to generate the
heat.

The recerved gaseous fuel (from dissociation of hydrocar-
bons, for example) 1s captured and forwarded to liquid fuel
generating reactor 820, which includes a heating mechanism
824. The hquid fuel generating reactor 820 also receives
carbon donors, such as CO, 832 harvested from air or indus-
trial processes 830 (e.g., exhaust gases from digestion, fer-
mentation, or from fossil fuel combustion). The liquid fuel
generating reactor 820 causes the hydrogen to react with the
harvested carbon donors, such as CO, 832, to generate liquid
fuel 850, such as methanol. The carbon donor 832 can be
obtained from air or industrial waste 830, including stack
smoke, a waste stream of a polymer plant, etc.

The system 800 can include a catalyst reaction zone 840 to
receive one or more catalysts that enhance the generation of
the liguid fuel. Examples of catalysts are described above.

The generated fuel 850 i1s storable and transportable. The
liquid fuel 850 operates as a vehicle for carrying energy to a
desired destination. The liquid fuel 850 can be seli-trans-
ported to a high-to-low density fuel respeciation system (e.g.,
430 or 450).

In some 1mplementations, pressurized hydrogen or pres-
surized and heated hydrogen can be added to pressurize the
products of reacting hydrogen and CO to form a desired
compound such as DME or methanol as shown in Equation 8.

CO+H,+H,—CH;OH Equation 8

Liquid fuel, such as methanol provided by the processes
summarized in Equation 8, can readily be stored, transported,
metered, and dispensed by equipment and systems typically
utilized for diesel gasoline, and, other alcohol fuels.

Repurposing or recycling of oxides of carbon such as car-
bon dioxide or carbon monoxide from combustion processes
generally poses the problem of separation or accommodation
of nmitrogen contamination. Another process variation for
preparation of value from mixtures ol reactive 10nic species 1s
provided by arc, corona, microwave, or radiative 1onization.
Mixtures of carbon monoxide, hydrogen, and nitrogen can be
reacted to produce CH,OH and NH; as shown 1n Equation 9.

CO+5H,+N,+ENERGY—CH,OH+2NH,

Ammonia (NH,) produced by this or other reactions can be
sately stored and conveyed. Ammoma provides compact
energy storage and can serve as a precursor of hydrogen.
Ammonia can be stored in various ways including as a pres-
surized liquid, a salt (e.g., ammonium chloride), or 1 acti-
vated media such as carbon. Pressurization can be accom-

plished, for example, by heat addition. Decomposition of

Equation 9
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ammonia as 1t passes a catalyst can be utilized to pressurize
the N, and hydrogen products as well as carbon monoxide
and hydrogen that can be co-produced from methanol or wet
methanol.
Respeciation of Liquid Fuel to Generate Gaseous Fuel

The liquid fuel, such as alcohols (e.g., methanol), received
from biomass dissociation, the low-to-high density respecia-
tion systems 420 and 440, or another process, can be disso-
ciated to produce gaseous fuel and carbon for a multitude of
“specialized carbon” applications ranging from diamond
plating and semiconductors to composite structures that are
stronger than steel and lighter than aluminum. FIG. 9 1s a
process flow diagram of a process 900 for dissociating liquid
fuels (e.g., alcohols). A reactor (e.g., reactor 1000) can
receive liquid fuels (910). The reactor can apply adequate
heat and pressure to dissociate carbon from hydrogen (920).
Equation 10 shows a reaction for dissociating ethanol by
anaerobic decomposition to obtain carbon, carbon monoxide,
and hydrogen. A similar reaction can be used to dissociate
other fuel alcohols,

C,H.OH+HEAT—C+CO+3H, Equation 10

The carbon monoxide can be reacted 1n an anaerobic dis-
sociation shown in Equation 11 to increase the yield of hydro-
gen from feedstocks that contain carbon, hydrogen, and oxy-
gen:

CO+H,0—CO,+H,+HEAT Equation 11

The total energy value of hydrogen and carbon monoxide
produced in the endothermic reactions can be 15 to 20%
greater than that of methane used, to source the carbon mon-
oxide and hydrogen as shown in Equation 11. Also, to
increase the thermochemical efficiency of the reactions, the
heat used to dissociate the liqud fuel can be harvested and
recycled from engine exhaust (e.g., waste heat) or a renew-
able energy source, such as solar or wind energy.

The carbon dissociated in the processes can be collected
tor use the production of carbon based durable goods (930).
For example, the carbon extracted from alcohols can be used
to generate carbon products including activated carbon,
fibrous carbon, diamond-like coatings, graphitic compo-
nents, and carbon black. These forms of carbon products can
be used to manufacture durable goods, such as better equip-
ment to harness solar, wind, moving water, and geothermal
resources along with transportation components that are
stronger than steel and lighter than aluminum. Recycling or
repurposing carbon to produce equipment that harnesses

renewable resources provides many times more energy than
burning such carbon one time. Also, gases such as the hydro-
gen co-produced with carbon from the dissociation of alco-
hols can be collected for seli-transportation to a higher eleva-
tion location (940).

FI1G. 10 1s a block diagram of a system 1000 for respeciat-
ing liquid fuel to generate gaseous tuel. In addition, the sys-
tem 1000 can generate carbon-based durable goods from
carbons co-produced with the gaseous fuel. The system 1000
includes a reactor 1010 that receives the liquid fuel, such as
alcohols 1016, from the low-to-high density fuel respeciation
system 420, 440. The reactor 1010 can include a heating
mechanism 1012, such as a heat exchanger for applying the
heat used 1n anaerobic reaction, such as the reaction of Equa-
tion 10. The gaseous fuel 1019 generated from dissociation of
the liquad fuel, such as alcohols 1016, can be self-transported
to a higher elevation location as needed (e.g., to high-to-low
density fuel respeciation system 430, 450). Also, the carbon
1017 dissociated from the liquid fuel can be used 1n produc-

tion of durable goods 1030.
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The reactor 1010 can also include a drying mechanism
1014 for dehydrating alcohols to create DME 1018, which
can be used to produce ethylene or propylene 1035. Also, the
heating mechanism 1012 can be used 1n the process to dehy-
drate the alcohols. The produced ethylene or propylene can be
used to generate polymers for producing various plastics and
other carbon-based durable goods 1030.

Higher pressure hydrogen can be used to pressurize the
products of liquid fuel dissociation, such as carbon monoxide
and hydrogen. Also, the higher pressure hydrogen can be
produced by other energy induced dissociations including
clectrolysis of anaerobically developed acids and liquors
from organic digestion processes and from water as generally
shown 1n Equations 12 and 13.

C,H,0,+2H,0+ENERGY —=2CO,+4H, Equation 12

H,O+ENERGY—0.50,+T1, Equation 13

Energy and/or Maternal Transport Process

In several embodiments of a process according to the
present technology, gaseous fuel (e.g., gaseous substance
such as fuel at controlled temperature and pressure) 1s pro-
vided or generated at a first location. Gaseous substance or
fuel such as hydrogen, methane, ethane, butane, propane,
carbon monoxide, nitrous oxide, syngas, natural gas, biogas,
or another fuel gas alone or in combination with one or more
other materials. The gaseous fuel can be provided, for
example, by removal from storage or by extraction from a
natural source. When the gaseous tuel 1s provided from a
subterranean source, the first location can be a first location
below, near, at, or above ground level. Hydrogen 1in gaseous
fuel can be generated, for example, by dissociation, reform-
ing hydrocarbons (e.g., methane) or by electrolysis of water.
Hydrogen and/or methane or other suitable compound can be
generated from biomass according to one of the processes
described above. Raw maternial for generating the gaseous
tuel can be gas (e.g., natural gas), liquid (e.g., liquid biomass),
or solid (e.g., solid biomass).

From the first location, gaseous fuel can be transported to a
second location having a higher elevation than the first loca-
tion. For example, gaseous fuel can be transported to the
second location through a conduit, such as a pipeline, directly
connecting a reactor or storage structure at the first location to
a reactor or storage structure at the second location. Trans-
porting gaseous fuel uphill can be more efficient than trans-
porting liquid tuel (e.g., liquid fuel at standard temperature
and pressure) uphill. In several embodiments of the present
technology, gaseous fuel 1s provided or generated at pressures
greater than atmospheric pressure. Output from a pressurized
storage structure or a reactor generating gaseous fuel can be
routed directly mto the conduit leading to the second location.
In this way, pressure from providing or generating the gas-
cous fuel 1s harnessed to overcome the pressure drop of the
conduit.

If the pressure of the provided or generated gaseous fuel 1s
less than the required pressure to overcome the pressure drop
of the conduit or to otherwise increase throughput, one or
more boosters can be included betfore and/or along the con-
duit. A booster can include a compressor or a source of
gaseous fuel at a pressure greater than the pressure of gaseous
tuel within the conduit at the position of the booster. An
clectrolytic booster, for example, can be configured to gener-
ate hydrogen from water by electrolysis and to inject the
generated hydrogen into the conduit to increase the pressure
of gaseous fuel within the conduit. Electrolysis of water also
produces oxygen. In several embodiments of the present tech-
nology, an electrolytic booster 1s located near a point-of-use
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for oxygen, such as a water treatment plant, a hospital, or a
smelter. Oxygen from the electrolytic booster can be routed to
the point-of-use, for example, through a conduit or by trans-
ported containers. Boosters in embodiments of the present
technology, such as heaters, mechanical compressors or elec-
trolytic boosters, can be powered by renewable energy, such
as solar, wind, or geothermal energy, and can be operated
continuously or intermittently according to energy availabil-
ity. Use of renewable energy 1s particularly well suited to
boosters located along remote portions of large-scale pipe-
lines where other power sources are not available.

At the second location, gaseous substance such as fuel can
be processed or reacted to form liquid fuel. Examples of
liquid fuel include alcohols (e.g., methanol, ethanol, pro-
panol, and butanol), alkynes (e.g., acetylene), ketones (e.g.,
acetone), ethers (e.g., dimethyl or diethyl ether), and ammo-
nia. In some embodiments of the present technology, the
liquid fuel includes substantially no hydrocarbons or less than
about 23% hydrocarbons. Hydrogen can be reacted with
nitrogen (e.g., from air) to form ammonia by the Haber pro-
cess. Alternatively, hydrogen can be reacted with carbon
monoxide or carbon dioxide to form methanol according to
Equations 6 and 7 above. Methane in the gaseous fuel can be
reformed 1nto hydrogen, which can then be reacted to form
ammonia or methanol as described above. The conversion of
methane 1nto hydrogen can be performed at the first location
or the second location. Methane also can be converted
directly into methanol without a hydrogen intermediary.
Other conversions can be performed according to other pro-
cesses known 1n the chemical arts.

Liquid fuel at the second location resulting from reaction
of gaseous fuel transported from the first location can be
transported to a third location at a lower elevation than the
second location. For example, liquid fuel can be transported
to the third location through a conduit, such as a pipeline,
directly connecting a reactor or storage chamber at the second
location to a reactor or storage chamber at the third location.
The elevation of the third location can be higher or lower than
the elevation of the first location. A portion of the potential
energy difference between liquid fuel at the second location
and liquid fuel at the third location can be captured to perform
usetul work. For example, liquid fuel can turn a turbine as it
moves from the second location to the third location. Liquid
tuel also can reach the third location under pressure. In sev-
cral embodiments of the present technology, the third location
1s one ol many locations to which the liquid fuel 1s distributed.
As described below, these locations can be point-of-partial
delivery or point-of-use locations.

If the liquid fuel 1s plot used at the third location, the cycle
can continue by converting the liquid fuel into gaseous tuel to
be transported to a fourth location at a higher elevation than
the third location. For example, ammonia can be converted
into hydrogen by catalytic or thermal dissociation or elec-
trolysis. Methanol can be reacted with water to form hydro-
gen by catalytic or thermal dissociation or electrolysis or
reacted with an oxidant or water to form hydrogen according
to Equations 12 and 13 above. At the fourth location, the
gaseous fuel can be used (e.g., distributed to multiple point-
of-use locations) or converted into liquid fuel and transported
to a fifth location at a lower elevation than the fourth location.
At the fifth location, the liquid fuel can be used or further
converted and transported. Embodiments of the present tech-
nology can include an unlimited number of additional steps in
which gaseous fuel 1s converted into liquid fuel and trans-
ported to a lower elevation or liquid fuel 1s converted 1nto
gaseous fuel and transported to a higher elevation. Interven-
ing transporting steps using conventional transporting pro-
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cesses (e.g., tankers) also can be included. As with the boost-
ers described above, the reactors to convert gaseous fuel into
liquid fuel or liquid fuel 1nto gaseous fuel can be powered by
renewable energy, such as solar, wind, or geothermal energy,
and can be operated continuously or intermittently according
to energy availability.

The locations described 1n embodiments of the present
technology can be separated by various distances. On a small
scale, successive locations can be a few hundred meters from
cach other and can utilize insulated piping to deliver sub-
stances that are gaseous or vaporous 1f kept warmer than the
environment or to similarly deliver liquids that are kept cooler
than the environment. On a larger scale, the distances
between successive locations can be much greater, such as
between about 1 km and about 100 km. As discussed above,
small scale embodiments can be used, for example, 1n urban
areas having manmade elevation changes. Large scale
embodiments can be used, for example, to transport fuel
across significant expanses of terrain having natural elevation
changes. With exception, when the distances between succes-
stve locations are greater, the elevation differences between
successive locations are also greater. The elevation differ-
ences can be, for example, between about 10 m and about 5
km, such as between about 100 m and about 4 km, or between
about 200 m and about 3 km. Embodiments of the present
technology that include multiple cycles and, 1n some cases,
intervening transporting steps, can provide energy transport
on a transcontinental or transoceanic scale. The first location
and the last location 1n several embodiments of a process
according to the present technology are between about 100 m
and about 5,000 km from each other, such as between about 1
km and about 1,000 km or between about 5 km and about 500
km from each other.

In addition to being used or further transported at or
between each location, gaseous fuel and liquid fuel can be
stored at or between each location. For example, liquid fuel
can be stored at a higher elevation location prior to being
transported to a lower elevation location. Similar to water 1n
a water tower, liquid fuel stored at a higher elevation location
can be distributed to point-of-use locations (e.g., ammonia to
tertilizer production plants and methanol to vehicle tueling
stations) at lower elevations with gravity providing the nec-
essary pressure. A portion of the potential energy of liquid
tuel stored at the higher elevation location also can be cap-
tured to perform other useful work, such as turning a turbine.
Liquid fuel also can be stored at a lower elevation location,
converted 1to gaseous fuel and then transported to a higher
clevation location. Gaseous fuel typically 1s less eflicient to
store than liquid fuel because it typically must be pressurized.
Embodiments of processes and systems according to the
present technology, however, can include storage of gaseous
tuel at or between locations. For example, gaseous fuel can be
stored at a lower elevation location prior to being transported
to a higher elevation location. Gaseous fuel also can be stored
at a higher elevation location, converted into liqud fuel, and
then transported to a lower elevation location. When stored
under pressure, gaseous fuel can form a liquid phase.

(Gaseous fuel and liquid fuel 1n embodiments of the present
technology can be stored, for example, 1n natural or manmade
structures. Such structures can be above or below ground.
Gaseous fuel and liquid fuel 1n embodiments of the present
technology also can be stored 1n conduits (e.g., pipelines). For
example, gaseous fuel can be stored 1n a conduit configured to
transport gaseous fuel from a lower elevation location to a
higher elevation location and liquid fuel can be stored 1n a
conduit configured to transport liquid fuel from a higher
clevation location to a lower elevation location. Materials for
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vessels, pipelines, and other structures of systems according,
to embodiments of the present technology can be selected, to
prevent corrosion. For example, vessels and pipelines
intended to store ammonia and other maternals that are highly
corrosive to metal can include a corrosion-resistant lining
such as a fluoropolymer or other polymer lining.

In several embodiments of the present technology, gaseous
tuel or liquad fuel 1s stored underground, such as 1n under-
ground vessels or in natural structures (e.g., geological for-
mations). Natural structures include depleted natural gas res-
ervoirs, aquifers, and salt caverns. Gaseous fuel typically 1s
better suited than liquid fuel for storage 1n natural structures
because liquid fuel can be difficult to remove. In contrast,
gaseous fuel typically can be pumped into natural structures
until 1t reaches high pressures that facilitate its eventual
removal. As described above, pressure from providing or
generating gaseous fuel can be used to transport the gaseous
tuel from a lower elevation location to a higher elevation
location. This can occur at the origination of the process (e.g.,
at an 1nitial reactor or source) or at any subsequent location
preceding a higher elevation location.

In addition to transporting energy, embodiments of the
present technology can be used to transport material without
transporting energy or substances may be mixed or travel in
parallel including the use of coaxial conduits 1n which one
fluid 1nsulates the other to synergistically deliver both energy
and non-energy substances. Such embodiments are
described, for example, by substituting “gaseous material”
for “gaseous fuel” as used elsewhere 1n this disclosure and
substituting “liquid material” for “liquid fuel” as used else-
where 1n this disclosure except where the context refers to
specific fuel types. In one example ol a maternal transport
process according to the present technology, the gaseous
material 1s sulfur dioxide and the liquid material 1s sulfuric
acid. Sulfur dioxide can be converted into sulfuric acid, for
example, by the contact process, the wet sulfuric acid process,
or another process known 1n the chemical arts. In another
example, the gaseous material 1s chlorine and the liquid mate-
rial 1s hydrochloric acid. Chlorine can be reacted with hydro-
gen, for example, to form hydrochloric acid.

Energy and/or Material Transport System

FIG. 11 illustrates a system 1100 configured for energy
and/or material transport according to an embodiment of the
present technology. The system 1100 shown in FIG. 11 1s
described below relative to 1ts features and the features of
exemplary processes for which the system and portions of the
system can be configured. As shown 1n FIG. 11, the system
1100 includes a first location 1102, a second location 1104, a
third location 1106, a fourth location 1108, and a fifth location
1110. The first, third and fifth locations 1102, 1106, 1110 are
located at a lower elevation. The second and fourth locations
1104, 1108 are located at a higher elevation. The elevation
differences are represented schematically only and need not
be similar between the first, third and fifth locations 1102,
1106, 1110 and between the second and fourth locations
1104, 1108. Aside from the elevation relationships between
adjacent locations, the elevation relationships between a loca-
tion and non-adjacent locations do not necessarily to low a
predetermined pattern. For example, the fifth location 1110
can be higher or lower than the first, second, and third loca-
tions 1102, 1104, 1106. Furthermore, embodiments of the
disclosed system can include intervening locations within a
pattern of adjacent locations.

The first location 1102 includes a source 1112 and areactor
1114. Raw maternial from the source 1112 enters the reactor
1114 where 1t 1s converted nto gaseous fuel. Gaseous fuel
exiting the reactor 1114 is transported through a pipeline
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1116 including a booster 1118. The booster 1118 1s an elec-
trolytic booster that generates hydrogen and oxygen by elec-
trolysis of water. The booster 1118 can 1include a power gen-
erator (not shown) configured to generate power from a
renewable source. Hydrogen from the booster 1118 enters the
pipeline 1116 to supplement the pressure of the gaseous fuel
Oxygen from the booster 1118 travels to a point-of-use (not
shown) through a conduit 1120. From the portion of the
pipeline including the booster 1118, gaseous fuel travels to a
reactor 1122 at the second location 1104. Energy from pres-
sure and/or glow of the gaseous fuel 1s converted 1nto electri-
cal energy at the turbine 1127, which 1s then routed to a
point-of-use (not shown). Withun the reactor 1122, gaseous
tuel 1s converted into liquid fuel, which 1s then routed nto a
storage structure 1124. From the storage structure 1124, lig-
uid fuel travels through a pipeline 1126 including a turbine
1128. Energy from flow of the liquid fuel 1s converted nto
clectrical energy at the turbine 1128, which i1s then routed to
a point-of-use (not shown) through an electrical cable 1130.
Liquid fuel then travels to a storage structure 1132 at the third
location 1106. Liquid fuel from the storage structure 1132 1s
fed mto a reactor 1134 in which 1t 1s converted into gaseous
tuel, which 1s then routed through a pipeline 1136 to areactor
1138 at the fourth location 1108. Energy from pressure and/or
flow of the gaseous fuel 1s converted into electrical energy at
the turbine 1137, which i1s then routed to a point-of-use (not
shown). Within the reactor 1138, gaseous fuel 1s converted
into liguid fuel, which moves from the reactor 1138 mto a
storage structure 1140. From the storage structure 1140, the
liquid fuel travels through a pipeline 1142 to a storage struc-
ture 1144 at the fifth location 1110. Liquid fuel from the
storage structure 1144 1s fed 1nto a reactor 1146 in which 1t 1s
converted into gaseous fuel, which 1s then routed through a
pipeline 1148 for further transport (not shown).

FIG. 12 1llustrates a system 1200 configured for fuel trans-
port and storage according to another embodiment of the
present technology. The system 1200 shown i FIG. 12 1s
described below relative to 1ts features and the features of
exemplary processes for which the system and portions of the
system can be configured. The first two digits of the reference
numbers shown in FIG. 12 are “12.” The final two digits of the
reference numbers shown in FI1G. 12 are 1dentical to the final
two digits of the reference numbers shown 1n FIG. 11 for
similar or 1dentical elements. Unlike the system 1100 shown
in FI1G. 11 the system 1200 shown 1n FI1G. 12 does not include
a reactor at the first location 1202. Instead, the pipeline 1216
extends directly from the source 1212 at the {first location
1202 to the reactor 1222 at the second location 1204. This
configuration is particularly well suited to implementations 1in
which gaseous fuel from the source 1212 is collected under
pressure, such as from a pressurized storage structure. Also
unlike the system 1100 shown 1n FIG. 11, the system 1200
shown 1n FIG. 12 includes a booster 1218 without a conduit
for delivering oxygen to a point-of-use. Rather than an elec-
trolytic booster, the booster 1218 shown 1n FIG. 12 1s a simple
heater and/or simple compressor. A simple heater and/or
compressor can be preferable to an electrolytic booster, for
example, when the gaseous fuel 1n the pipeline 1216 includes
little or no hydrogen.

Instead of the fifth location 1110 of the system 1100 shown
in FI1G. 11, the system 1200 shown 1n FIG. 12 includes three
point-of-use locations 1250 after the pipeline 1242. The
point-of-use locations 1250 are represented schematically
only. The point-of-use locations 1250 need not have similar
clevations and can be located after branches of the pipeline
1242 of varying lengths. Other embodiments of a system
according to the present technology can include a different
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number of point-of use locations, such as one, two, or a
greater number of point-of-use locations.
Systems according to embodiments of the present technol-

ogy can have many variations relative to the systems 1100,
1200 shown 1n FIGS. 11 and 12. The systems can be config-

ured for continuous and/or batch operation. Storage struc-
tures can be deleted or added at any point before, after, or
along the pipelines. For example, the system 1100 shown 1n
FIG. 11 can include storage structures after the reactors 1114,

1134, 1146 and/or before the reactors 1122, 1138. The pipe-
lines 1116, 1136, 1216, 1236 can include no boosters, one

booster, two boosters, or a greater number of boosters at
various positions. Similarly, the pipelines 1126, 1142, 1226,
1242 can include no turbines, one turbine, two turbines or a

greater number of turbines at various positions. The net eleva-
tion changes of the pipelines 1116, 1126, 1136, 1142, 1216,
1226, 1236, 1242 are represented schematically in FIGS. 11
and 12, but the pipelines can have varying elevation changes
along their length, such as to accommodate environmental
topography.

While this specification contains many specifics, these
should not be construed as limitations on the scope of any
invention or of what may be claimed, but rather as descrip-
tions of features that may be specific to particular embodi-
ments of particular inventions. Certain features that are
described 1n this specification 1in the context of separate
embodiments can also be implemented 1n combination 1n a
single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combi-
nation, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

Similarly, while operations are depicted 1n the drawings 1n
a particular order, this should, not be understood as requiring
that such operations be performed in the particular order
shown or 1n sequential order, or that all 1llustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents in the embodiments described above should not be
understood as requiring such separation in all embodiments.

Only a few implementations and examples are described
and other implementations, enhancements and variations can
be made based on what 1s described and 1llustrated 1n this
application.

U.S. application Ser. No. 13/027,197, filed Feb. 14, 2011
and 1ncorporated herein by reference 1n 1ts entirety includes
additional disclosure concerning 1solating contaminants 1n
liquad fuels. Such liqud fuels can be used 1n several embodi-
ments of the present technology. Furthermore, processes,
devices, and materials disclosed 1n referenced U.S. applica-
tion Ser. Nos. 13/027,068, 13/027,196 and 13/027,197 can be
useiul 1n implementing several embodiments of the present
technology. To the extent the disclosure in the referenced
applications contlicts with other disclosure presented herein,
the disclosure presented herein controls.

I claim:
1. A method for transporting energy and/or material, com-
prising:
providing or forming a first gaseous material at a first
location;
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transporting by expansion the first gaseous material from
the first location to a second location having a higher
elevation than the first location;

reacting the first gaseous material to form a first liquid

material at the second location;
transporting by gravitational acceleration the first liquid
material from the second location to a third location
having a lower elevation than the second location;

reacting the first liquid material to form a second gaseous
material at the third location;

transporting the second gaseous material to a fourth loca-

tion having a higher elevation than the third location;
reacting the second gaseous material to form a second
liquid material at the fourth location; and

transporting the second liquid material to a fifth location

having a lower elevation than the fourth location.

2. The method of claim 1, wherein reacting the first liquad
material includes reacting the first liquid material anaerobi-
cally.

3. The method of claim 1, wherein a pressure from provid-
ing or forming the first gaseous material accounts for all or a
portion of an energy used to transport the first gaseous mate-
rial from the first location to the second location.

4. The method of claim 1, wherein a pressure from forming,
the second gaseous material accounts for all or a portion of an
energy used to transport the second gaseous material from the
third location to the fourth location.

5. The method of claim 1, further comprising extracting,
energy with a turbine from flow of the first liquid material
from the second location to the third location.

6. The method of claim 1, further comprising extracting
energy with a turbine from flow of the second liquid material
from the fourth location to the fifth location.

7. The method of claim 1, wherein transporting the second
liquid material from the fourth location to the fifth location
includes gravity transporting the second liquid material.

8. The method of claim 1, wherein the first gaseous mate-
rial and the second gaseous material include hydrogen, meth-
ane, ethane, butane, propane, carbon monoxide, nitrous
oxide, or a combination thereof.

9. The method of claim 1, wherein the first liquid material
and the second liquid material include an alcohol, an alkyne,
a ketone, an ether, ammonia, or a combination thereof.

10. The method of claim 1, wherein the first gaseous mate-
rial and the second gaseous material include hydrogen, meth-
ane, or a combination thereot, and the first liquid matenal and
the second liquid material include methanol, ammonia, or a
combination thereof.

11. The method of claim 1, wherein the first gaseous mate-
rial and the second gaseous material include sultur dioxide,
chlorine, or a combination thereof, and the first liquid mate-
rial and the second liquid material include sulfuric acid,
hydrochloric acid, or a combination thereof.

12. The method of claim 1, wherein a distance between the
first location and the fifth location 1s between about 1 km and
about 1,000 km.

13. The method of claim 1, wherein an elevation difference
between the first location and the second location and an
clevation ditference between the third location and the fourth
location are between about 100 m and about 4 km.

14. The method of claim 1, further comprising generating
a supplemental gaseous material and injecting the supple-
mental gaseous material into the first gaseous material to
increase a pressure of the first gaseous material as it travels
from the first location to the second location or 1njecting the
supplemental gaseous material into the second gaseous mate-
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rial to increase a pressure of the second gaseous matenal as it
travels from the third location to the fourth location.

15. The method of claim 14, wherein the supplemental
gaseous material includes hydrogen, and the method further
comprises generating oxygen in conjunction with generating
the supplemental gaseous material, and delivering the oxygen
to a point-of-use location.

16. The method of claim 1, wherein the first gaseous mate-
rial, the second gaseous material, the first liquid material, and
the second liquid material are a first gaseous fuel, a second
gaseous fuel, a first liqud fuel, and a second liquid fuel,
respectively.

17. The method of claim 16, wherein the first liquid fuel
includes less than about 25% hydrocarbons.

18. The method of claim 1, wherein the fifth location 1s a
point-of-use location and gravity provides all or a portion of
a pressure head of the second liquid maternal at the point-oi-
use location.

19. The method of claim 18, wherein the point-of-use
location 1s a first point-of-use location, and the method further
comprises transporting the second liquid material from the
fourth location to a second point-of-use location having a
lower elevation than the fourth location, wherein gravity pro-
vides all or a portion of a pressure head of the second liquid
material at the second point-of-use location.

20. A method for transporting energy and/or material, com-
prising:

providing or forming a first gaseous fuel at a first location

and a first elevation:

transporting the first gaseous fuel from the first location to

a second location having a second elevation;

reacting the first gaseous fuel to form a first liquid fuel at

the second location;

transporting the first liquid fuel from the second location to

a third location having a third elevation;
extracting energy with a turbine from flow of the first liquid
fuel from the second location to the third location;
reacting the first liquid fuel to form a second gaseous fuel
at the third location;

transporting the second gaseous fuel to a fourth location

having a fourth elevation;

reacting the second gaseous fuel to form a second liquid
fuel at the fourth location;
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transporting the second liquid fuel to a fifth location having
a fifth elevation; and

extracting energy with the turbine from flow of the second
liquad fuel from the fourth location to the fifth location,
wherein a pressure from providing or forming the first
gaseous fuel accounts for all or a portion of an energy
used to transport the first gaseous fuel from the first
location to the second location, and a pressure from
forming the second gaseous fuel accounts for all or a
portion of an energy used to transport the second gas-
cous fuel from the third location to the fourth location.

21. The method of claam 15, wherein generating the
supplemental gaseous material includes generating the
supplemental gaseous material by electrolysis of water.

22. The method of claim 1, wherein:

the first gaseous material 1s carbon dioxide or carbon mon-

oxide; and

the first liquid material 1s an alcohol.

23. The method of claim 1, wherein:

the first location 1s a base of a building; and

the second location 1s a top of a building.

24. The method of claim 1, wherein an elevation difference
between the first and second locations 1s due to natural topog-
raphy.

25. The method of claim 1, wherein transporting the first
gaseous material includes transporting the first gaseous mate-
rial through a pipeline directly connecting a first reactor or
storage chamber at the first location to a second reactor or
storage chamber at the second location.

26. The method of claim 1, further comprising dissolving a
hazardous contaminant 1nto the first liquid matenal.

277. The method of claim 26, wherein the first liquid mate-
rial 1s a fuel.

28. The method of claim 1, wherein:

the first gaseous material 1s hydrogen;

the first liguid material 1s ammonia; and

reacting the first gaseous material to form the first liquid

material includes reacting the hydrogen with nitrogen
from air at the second location.

29. The method of claim 28, wherein providing or forming
the first gaseous material includes reforming methane from
biomass dissociation at the first location.
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